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DISPLAY DEVICE WITH TOUCH arranged in a matrix in a display region in which an image 
DETECTION FUNCTION is displayed ; a display function layer having an image 

display function for displaying an image in the display 
CROSS - REFERENCE TO RELATED region ; a plurality of touch detection electrodes opposed to 

APPLICATIONS 5 the pixel electrodes ; and a touch detection unit that detects 
an output signal of the touch detection electrode . The one 

This application claims priority from Japanese Applica frame period includes a plurality of display operation peri 
tion No . 2015 - 220740 , filed on Nov . 10 , 2015 , the contents ods for displaying the image and a plurality of detection 
of which are incorporated by reference herein in its entirety . operation periods for performing the touch detection . The 

touch detection electrode is electrically coupled to the touch BACKGROUND detection unit in the detection operation period . At least one 
of the detection operation periods includes a period in which 1 . Technical Field 

The present invention relates to a display device with a a touch detection drive signal for performing touch detection 
touch detection function that can detect an external prox - 151 15 is not applied to the touch detection electrode . 
imity object . BRIEF DESCRIPTION OF THE DRAWINGS 2 . Description of the Related Art 

In recent years , attention has been paid to a touch detec 
tion device that can detect an external proximity object , what FIG . 1 is a block diagram illustrating a configuration 
is called a touch panel . The touch panel is mounted on a 20 example of a display device with a touch detection function 
display device such as a liquid crystal display device , or according to a first embodiment ; 
integrated with the display device to be used as a display FIG . 2 is an explanatory diagram for explaining a basic 
device with a touch detection function . In the display device principle of mutual - capacitive touch detection and illustrates 
with a touch detection function , various button images and a state in which a finger is in a non - contact state or a 
the like are displayed on the display device , so that the touch 25 non - proximate state ; 
panel is used , in place of a typical mechanical button , for FIG . 3 is an explanatory diagram illustrating an example 
inputting information . Japanese Patent Application Laid - of an equivalent circuit of the state in which the finger is in 
open Publication No . 2014 - 132445 discloses a touch detec - the non - contact state or the non - proximate state as illustrated 
tion unit that performs touch detection by sampling a in FIG . 2 ; 
detection result of a touch detection element at a timing 30 FIG . 4 is an explanatory diagram for explaining the basic 
synchronized with a touch driving signal , and a noise principle of mutual - capacitive touch detection and illustrates 
detection unit that detects noise included in a frequency a state in which the finger is in a contact state or a proximate 
component sampled by the touch detection unit . state ; 
However , a method of shortening a noise detection time FIG . 5 is an explanatory diagram illustrating an example 

and a method of enhancing a noise detection function have 35 of an equivalent circuit of the state in which the finger is in 
been demanded to further improve a noise detection tech - the contact state or the proximate state as illustrated in FIG . 
nique . 4 ; 

For the foregoing reasons , there is a need for a display FIG . 6 is a diagram illustrating an example of waveforms 
device with a touch detection function that can perform a of a drive signal and a touch detection signal ; 
preferable touch detection operation and noise detection 40 FIG . 7 is a cross - sectional view of a schematic structure 
operation in accordance with the usage of the display device of the display device with a touch detection function ; 
with a touch detection function . FIG . 8 is a circuit diagram illustrating a pixel array of a 

display unit with a touch detection function according to the 
SUMMARY first embodiment ; 

45 FIG . 9 is a perspective view of a configuration example of 
According to an aspect , a display device with a touch a drive electrode and a touch detection electrode of the 

detection function performs image display and touch detec display unit with a touch detection function according to the 
tion in a time division manner in one frame period for first embodiment ; 
displaying an image corresponding to one screen . The FIG . 10 is a schematic diagram illustrating a relation 
display device includes : a plurality of pixel electrodes 50 between a display operation period and a detection operation 
arranged in a matrix in a display region in which an image period in a plurality of frame periods ; 
is displayed ; a display function layer having an image FIG . 11 is a schematic diagram illustrating a relation 
display function for displaying an image in the display between the display operation period , a touch detection 
region ; a plurality of touch detection electrodes opposed to period , and a noise detection period in one frame period ; 
the pixel electrodes ; and a detection unit that performs noise 55 FIG . 12 is an explanatory diagram illustrating an example 
detection . The one frame period includes a plurality of of an equivalent circuit that detects a noise from the touch 
display operation periods for displaying the image and a detection electrode ; 
plurality of detection operation periods for performing at FIG . 13 is a block diagram illustrating a configuration 
least touch detection . The detection unit performs the noise example of the display unit with a touch detection function , 
detection in a period that is included in the detection 60 a control unit , and a noise detection unit ; 
operation period and shorter than one of the detection FIG . 14 is a schematic diagram for explaining a relation 
operation periods in the one frame period . between the display operation period , the touch detection 

According to another aspect , a display device with a touch period , and the noise detection period in a case of detecting 
detection function performs image display and touch detec - the noise according to the first embodiment ; 
tion in a time division manner in one frame period for 65 FIG . 15 is a flowchart for explaining a touch detection 
displaying an image corresponding to one screen . The operation and a noise detection operation according to the 
display device includes : a plurality of pixel electrodes first embodiment ; 
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FIG . 16 is a schematic diagram illustrating a relation FIG . 34 is a graph schematically illustrating an example 
between the display operation period , the touch detection of a relation between a second touch detection signal and 
period , and the noise detection period in one frame period touch detection coordinates in a state in which water adheres 
according to a modification of the first embodiment ; to the touch detection surface ; and 

FIG . 17 is a schematic diagram illustrating a relation 5 FIG . 35 is a schematic diagram for explaining an opera 
between the display operation period , the touch detection tion of a display device with a touch detection function 
period , and the noise detection period in one frame period in according to a modification in a sleep mode and a normal 
the display device with a touch detection function according operation mode . 
to a second embodiment ; 

FIG . 18 is a schematic diagram for explaining a relation DETAILED DESCRIPTION 
between the display operation period , the touch detection 
period , and the noise detection period in a case of detecting The following describes embodiments in detail with ref 
a noise according to the second embodiment ; erence to the drawings . The present invention is not limited 

FIG . 19 is a flowchart for explaining the touch detection is to the embodiments described below . Components described 
operation and the noise detection operation according to the below include a component that is easily conceivable by 
second embodiment ; those skilled in the art and substantially the same compo 

FIG . 20 is a schematic diagram for explaining a relation nent . The components described below can be appropriately 
between the display operation period , the touch detection combined . The disclosure is merely an example , and the 
period , and the noise detection period in a case of detecting 20 present invention naturally encompasses an appropriate 
a noise according to a third embodiment ; modification maintaining the gist of the invention that is 

FIG . 21 is a flowchart for explaining the touch detection easily conceivable by those skilled in the art . To further 
operation and the noise detection operation according to the clarify the description , a width , a thickness , a shape , and the 
third embodiment ; like of each component may be schematically illustrated in 

FIG . 22 is a graph schematically illustrating an example 25 the drawings as compared with an actual aspect . However , 
of a relation between a first touch detection signal and touch this is merely an example and interpretation of the invention 
detection coordinates in a state in which a finger is in a is not limited thereto . The same element as that described in 
contact state or a proximate state ; the drawing that has already been discussed is denoted by 

FIG . 23 is a graph schematically illustrating an example the same reference numeral through the description and the 
of a relation between the first touch detection signal and the 30 drawings , and detailed description thereof will not be 
touch detection coordinates in a state in which a stylus pen repeated in some cases . 
is in a contact state or a proximate state ; In this disclosure , when an element is described as being 

FIG . 24 is a graph schematically illustrating an example " on ” another element , the element can be directly on the 
of a relation between the first touch detection signal and the other element , or there can be one or more elements between 
touch detection coordinates in a state in which a glove is in 35 the element and the other element . 
a contact state or a proximate state ; First Embodiment 

FIG . 25 is a block diagram illustrating a configuration FIG . 1 is a block diagram illustrating a configuration 
example of a display device with a touch detection function example of a display device 1 with a touch detection 
according to a fourth embodiment ; function according to a first embodiment . As illustrated in 

FIG . 26 is an explanatory diagram for explaining a basic 40 FIG . 1 , the display device 1 with a touch detection function 
principle of self - capacitive touch detection and illustrates a includes a display unit 10 with a touch detection function , a 
state in which a finger is in a non - contact state or a control unit 11 , a gate driver 12 , a source driver 13 , a drive 
non - proximate state ; electrode driver 14 , a touch detection unit 40 , and a noise 

FIG . 27 is an explanatory diagram for explaining the basic detection unit 51 . In the display device 1 with a touch 
principle of self - capacitive touch detection and illustrates a 45 detection function , a touch detection function is incorpo 
state in which the finger is in a contact state or a proximate rated in the display unit 10 with a touch detection function . 
state ; The display unit 10 with a touch detection function is a 

FIG . 28 is a diagram illustrating an example of waveforms device integrating a display panel 20 including a liquid 
of the drive signal and the touch detection signal ; crystal display element as a display element with a touch 

FIG . 29 is a schematic diagram for explaining an opera - 50 panel 30 serving as a touch detection device for detecting a 
tion in a sleep mode and a normal operation mode according touch input ( touch operation ) . The display unit 10 with a 
to the fourth embodiment ; touch detection function may be what is called an on - cell 

FIG . 30 is a schematic diagram for explaining a relation device in which the touch panel 30 is mounted on the display 
between an idling period , the touch detection period , and the panel 20 . The display panel 20 may be , for example , an 
noise detection period in a case of detecting a noise accord - 55 organic electroluminescent ( EL ) display panel . The touch 
ing to the fourth embodiment ; input ( touch operation ) includes contact on or proximity to 

FIG . 31 is a flowchart for explaining the touch detection the touch panel 30 performed by an external conductor . 
operation and the noise detection operation according to the As described later , the display panel 20 is sequentially 
fourth embodiment ; scans each horizontal line in accordance with a scanning 

FIG . 32 is a schematic diagram for explaining a relation 60 signal Vscan supplied from the gate driver 12 , thereby 
between the idling period , the touch detection period , and performing display . The control unit 11 is a circuit that 
the noise detection period in a case of detecting adhesion of supplies a control signal to each of the gate driver 12 , the 
water in a display device with a touch detection function source driver 13 , the drive electrode driver 14 , the touch 
according to a fifth embodiment ; detection unit 40 , and the noise detection unit 51 based on 

FIG . 33 is a flowchart for explaining the touch detection 65 a video signal Vdisp supplied from the outside such that 
operation and the noise detection operation in a case in these components operate in synchronization with each 
which water adheres to a touch detection surface ; other . 
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The gate driver 12 has a function of sequentially selecting When an AC rectangular wave Sg having a predetermined 
one horizontal line to be a display driving target of the frequency ( for example , about several kHz to several hun 
display unit 10 with a touch detection function based on the dreds kHz ) is applied to the drive electrode E1 ( one end of 
control signal supplied from the control unit 11 . the capacitive element C1 ) from the AC signal source S , an 

The source driver 13 is a circuit that supplies a pixel 5 output waveform ( first touch detection signal Vdet1 ) as 
signal Vpix to each sub - pixel SPix ( described later ) in the illustrated in FIG . 6 appears via the voltage detector DET 
display unit 10 with a touch detection function based on the coupled to the touch detection electrode E2 ( the other end of 
control signal supplied from the control unit 11 . the capacitive element C1 ) . The AC rectangular wave Sg 

The drive electrode driver 14 is a circuit that supplies a corresponds to the drive signal Vcom input from the drive 
drive signal Vcom to a drive electrode COML ( described am to drive electrode COMI ( described 10 electrode driver 14 . 

In a state in which the finger is not in contact with or later ) in the display unit 10 with a touch detection function proximate to the touch panel ( non - contact state ) , as illus based on the control signal supplied from the control unit 11 . trated in FIGS . 2 and 3 , a current lo corresponding to a The touch panel 30 operates based on a basic principle of capacitance value of the capacitive element C1 flows with capacitive touch detection , and performs a touch detection 15 n detection 15 charge and discharge of the capacitive element C1 . The operation using a mutual - capacitive system to detect contact voltage detector DET illustrated in FIG . 3 converts variation 
or proximity of an external conductor in a display region . in the current lo corresponding to the AC rectangular wave 

The touch detection unit 40 is a circuit that detects Sg into variation in voltage ( a waveform V , of a solid line 
whether there is a touch input on or to the touch panel 30 ( refer to FIG . 6 ) ) . 
based on the control signal supplied from the control unit 11 20 In a state in which the finger is in contact with or 
and based on a first touch detection signal Vdetl supplied proximate to the touch panel ( contact state ) , as illustrated in 
from the touch panel 30 . The touch detection unit 40 obtains FIG . 4 , a capacitance C2 formed by the finger is in contact 
coordinates at which the touch input is performed when with or proximate to the touch detection electrode E2 , so that 
there is a touch input . The touch detection unit 40 includes a capacitance corresponding to a fringe between the drive 
a touch - detection - signal amplification unit 42 , an A / D con - 25 electrode El and the touch detection electrode E2 is 
version unit 43 , a signal processing unit 44 , and a coordinate shielded . Due to this , the capacitive element C1 functions as 
extracting unit 45 . A detection timing control unit 46 con - a capacitive element Cl ' having a capacitance value smaller 
trols the A / D conversion unit 43 , the signal processing unit than the capacitance value in the non - contact state . With 
44 , and the coordinate extracting unit 45 based on the reference to the equivalent circuit illustrated in FIG . 5 , a 
control signal supplied from the control unit 11 such that 30 current I , flows through the capacitive element C1 ' . As 
they operate in synchronization with each other . illustrated in FIG . 6 , the voltage detector DET converts 
As described above , the touch panel 30 operates based on variation in the current I , corresponding to the AC rectan 

the basic principle of capacitive touch detection . With ref - gular wave Sg into variation in voltage ( a waveform V , of 
erence to FIGS . 2 to 6 , the following describes the basic a dotted line ) . In this case , amplitude of the waveform V , is 
principle of mutual - capacitive touch detection performed by 35 smaller than that of the waveform V , described above . 
the display device 1 with a touch detection function accord Accordingly , an absolute value | AVI of a voltage difference 
ing to the present embodiment . FIG . 2 is an explanatory between the waveform V . and the waveform V varies 
diagram for explaining the basic principle of mutual - capaci - depending on influence of a conductor such as a finger that 
tive touch detection and illustrates a state in which a finger i s brought into contact with or proximate to the touch panel 
is in a non - contact state or a non - proximate state . FIG . 3 is 40 from the outside . To accurately detect the absolute 
an explanatory diagram illustrating an example of an equiva - value ] AVI of the voltage difference between the waveform 
lent circuit of the state in which the finger is in the non - Vo and the waveform V , it is more preferable to provide , to 
contact state or the non - proximate state as illustrated in FIG . an operation of the voltage detector DET , a period Reset for 
2 . FIG . 4 is an explanatory diagram for explaining the basic resetting charge and discharge of a capacitor in accordance 
principle of mutual - capacitive touch detection and illustrates 45 with a frequency of the AC rectangular wave Sg through 
a state in which the finger is in a contact state or a proximate switching in the circuit . 
state . FIG . 5 is an explanatory diagram illustrating an The touch panel 30 illustrated in FIG . 1 sequentially scans 
example of an equivalent circuit of the state in which the each detection block in accordance with the drive signal 
finger is in the contact state or the proximate state as Vcom supplied from the drive electrode driver 14 to perform 
illustrated in FIG . 4 . FIG . 6 is a diagram illustrating an 50 mutual - capacitive touch detection . 
example of waveforms of the drive signal and the touch The touch panel 30 outputs the first touch detection signal 
detection signal . The following describes a case in which a Vdet1 of each detection block via the voltage detector DET 
finger is brought into contact with or proximate to the touch illustrated in FIG . 3 or FIG . 5 from a plurality of touch 
panel . Alternatively , for example , an object including a detection electrodes TDL described later . The first touch 
conductor such as a stylus pen may be used instead of the 55 detection signal Vdetl is supplied to the touch - detection 
finger . signal amplification unit 42 of the touch detection unit 40 . 

For example , as illustrated in FIG . 2 , a capacitive element The touch - detection - signal amplification unit 42 amplifies 
C1 includes a pair of electrodes arranged facing each other the first touch detection signal Vdet1 supplied from the 
with a dielectric D interposed therebetween , that is , a drive touch panel 30 . The touch - detection - signal amplification 
electrode E1 and a touch detection electrode E2 . As illus - 60 unit 42 may include an analog low pass filter ( LPF ) that 
trated in FIG . 3 , one end of the capacitive element C1 is removes a high frequency component ( noise component ) 
coupled to an alternate current ( AC ) signal source ( driving included in the first touch detection signal Vdet1 and outputs 
signal source ) S , and the other end thereof is coupled to a the remaining . 
voltage detector ( touch detection unit ) DET . The voltage The A / D conversion unit 43 samples each analog signal 
detector DET is , for example , an integrating circuit included 65 that is output from the touch - detection - signal amplification 
in the touch - detection - signal amplification unit 42 illustrated unit 42 at a timing synchronized with the drive signal Vcom , 
in FIG . 1 . and converts the analog signal into a digital signal . 
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TDL . 

AVI 

The signal processing unit 44 includes a digital filter that COML . A polarizing plate ( not illustrated ) may be arranged 
reduces a frequency component ( noise component ) other on the lower side of the TFT substrate 21 via a bonding layer . 
than a frequency at which the drive signal Vcom is sampled The counter substrate 3 includes a glass substrate 31 and 
included in the output signal of the A / D conversion unit 43 . a color filter 32 formed on one surface of the glass substrate 
The signal processing unit 44 is a logic circuit that detects 5 31 . The touch detection electrode TDL serving as a detection 
whether there is a touch input on or to the touch panel 30 electrode of the touch panel 30 is arranged on the other 
based on the output signal of the A / D conversion unit 43 . surface of the glass substrate 31 . A polarizing plate 35 is 
The signal processing unit 44 performs processing of arranged on the upper side of the touch detection electrode 
extracting only a difference of the detection signal caused by 
the finger . The signal of the difference caused by the finger 10 The TFT substrate 21 and the glass substrate 31 are 

arranged facing each other with a predetermined gap ther corresponds to the absolute value AVI of the difference ebetween via a spacer ( not illustrated ) . The liquid crystal between the waveform V , and the waveform V , described layer 6 is arranged in a space between the TFT substrate 21 above . The signal processing unit 44 may perform an and the glass substrate 31 . The liquid crystal layer 6 modu 
arithmetic operation for averaging the absolute Value AV 15 lates light passing therethrough depending on a state of an 
for each detection block to obtain an average value of the electric field . For example , the liquid crystal layer 6 includes 
absolute value | AVI . Due to this , the signal processing unit liquid crystals of lateral electric - field mode such as in - plane 
44 can suppress influence of the noise . The signal processing switching ( IPS ) including fringe field switching ( FFS ) . An 
unit 44 compares the detected signal of the difference caused orientation film may be arranged between the liquid crystal 
by the finger with a predetermined threshold voltage . If the 20 layer 6 and the pixel substrate 2 , and between the liquid 
signal of the difference is smaller than the threshold voltage , crystal layer 6 and the counter substrate 3 illustrated in FIG . 
the signal processing unit 44 determines that an external 7 . 
proximity object is in the non - contact state . If the signal of FIG . 8 is a circuit diagram illustrating a pixel array of the 
the difference is equal to or larger than the threshold voltage , display unit with a touch detection function according to the 
the signal processing unit 44 determines that the external 25 first embodiment . The TFT substrate 21 illustrated in FIG . 7 
proximity object is in the contact state . In this way , the touch is provided with a thin film transistor element ( hereinafter , 
detection unit 40 can perform touch detection . referred to as a TFT element ) Tr of each sub - pixel SPix 

The coordinate extracting unit 45 is a logic circuit that illustrated in FIG . 8 , and wiring such as a pixel signal line 
obtains , when a touch is detected by the signal processing SGL that supplies the pixel signal Vpix to each pixel 
unit 44 , touch panel coordinates at which the touch is 30 electrode 22 and a scanning signal line GCL that drives each 
detected . The coordinate extracting unit 45 outputs the touch TFT element Tr . The pixel signal line SGL and the scanning 
panel coordinates as a detection signal output Vout . signal line GCL extend along a plane parallel with the 

The noise detection unit 51 illustrated in FIG . 1 detects a surface of the TFT substrate 21 . 
noise superimposed on a touch detection electrode TDL The display panel 20 illustrated in FIG . 8 includes a 
( described later ) of the touch panel 30 . In this case , when a 35 plurality of sub - pixels SPix arranged in a matrix . Each 
noise due to disturbance propagates to the touch panel 30 , a sub - pixel SPix includes the TFT element Tr and a liquid 
malfunction of touch detection may be caused . For example , crystal element LC . The TFT element Tr is constituted of a 
the noise due to disturbance has large intensity in the vicinity thin film transistor . In this example , the TFT element Tr is 
of a frequency of the drive signal Vcom supplied to the drive constituted of an n - channel metal oxide semiconductor 
electrode COML , variation in a voltage waveform caused by 40 ( MOS ) TFT . One of a source and a drain of the TFT element 
the noise may be erroneously determined to represent that Tr is coupled to the pixel signal line SGL , a gate thereof is 
there is a touch input , which may cause a malfunction . The coupled to the scanning signal line GCL , and the other one 
noise detection unit 51 detects the noise , and thereby an of the source and the drain thereof is coupled to one end of 
operation of touch detection can be appropriately controlled the liquid crystal element LC . One end of the liquid crystal 
to prevent the malfunction . 45 element LC is coupled to the other one of the source and the 

The noise detected by the noise detection unit 51 in the drain of the TFT element Tr , and the other end thereof is 
present embodiment includes an external noise that enters coupled to the drive electrode COML . 
the display device 1 with a touch detection function from The sub - pixel SPix is coupled to the other sub - pixels SPix 
another electric apparatus and the like , a noise caused by an belonging to the same row in the display panel 20 via the 
AC power supply when the AC power supply is coupled to 50 scanning signal line GCL . The scanning signal line GCL is 
the display device 1 with a touch detection function , a noise coupled to the gate driver 12 ( refer to FIG . 1 ) , and receives 
caused by a display operation performed by the display the scanning signal Vscan supplied from the gate driver 12 . 
panel 20 , and the like . The sub - pixel SPix is coupled to the other sub - pixels SPix 

FIG . 7 is a cross - sectional view of a schematic structure belonging to the same column in the display panel 20 via the 
of the display device with a touch detection function . As 55 pixel signal line SGL . The pixel signal line SGL is coupled 
illustrated in FIG . 7 , the display unit 10 with a touch to the source driver 13 ( refer to FIG . 1 ) , and receives the 
detection function includes a pixel substrate 2 , a counter pixel signal Vpix supplied from the source driver 13 . The 
substrate 3 arranged being opposed to a surface of the pixel sub - pixel SPix is further coupled to the other sub - pixels 
substrate 2 in a direction perpendicular to the surface , and a SPix belonging to the same row via the drive electrode 
liquid crystal layer 6 interposed between the pixel substrate 60 COML . The drive electrode COML is coupled to the drive 
2 and the counter substrate 3 . electrode driver 14 ( refer to FIG . 1 ) , and receives the drive 

The pixel substrate 2 includes a TFT substrate 21 serving signal Vcom supplied from the drive electrode driver 14 . 
as a circuit board , a plurality of pixel electrodes 22 arranged That is , in this example , a plurality of sub - pixels SPix 
in a matrix on the upper side of the TFT substrate 21 , the belonging to the same row share one drive electrode COML . 
drive electrodes COML arranged between the TFT substrate 65 An extending direction of the drive electrode COML accord 
21 and the pixel electrode 22 , and an insulating layer 24 that ing to the present embodiment is in parallel with an extend 
insulates the pixel electrode 22 from the drive electrodes ing direction of the scanning signal line GCL . The extending 
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direction of the drive electrode COML according to the divided into a plurality of parts , and the shape of slits that 
present embodiment is not limited thereto , and may be in separate the drive electrodes COML may be a straight line 
parallel with an extending direction of the pixel signal line or a curved line . 
SGL , for example . With this configuration , when the touch panel 30 performs 

The gate driver 12 illustrated in FIG . 1 drives the scanning 5 a mutual - capacitive touch detection operation , the drive 
signal lines GCL to sequentially scan each of the scanning electrode driver 14 drives the drive electrodes COML to 
signal lines GCL . The scanning signal Vscan ( refer to FIG . sequentially scan drive electrode blocks in a time division 
1 ) is applied to a gate of the TFT element Tr of the sub - pixel manner , so that one detection block of the drive electrode 

COML is sequentially selected . When the first touch detec SPix via the scanning signal line GCL , and thereby one 
horizontal line of the sub - pixels SPix is sequentially selected " | 10 tion signal Vdet1 is output from the touch detection elec 

trode TDL , touch detection for one detection block is as the display driving target . In the display device 1 with a performed . That is , the drive electrode block corresponds to touch detection function , the source driver 13 supplies the the drive electrode E1 in the basic principle of mutual pixel signal Vpix to the sub - pixels SPix belonging to the one capacitive touch detection described above , the touch detec 
horizontal line to perform display for each horizontal line . In 15 contar line . In 15 tion electrode TDL corresponds to the touch detection performing this display operation , the drive electrode driver electrode E2 , and the touch panel 30 detects a touch input in 
14 applies the drive signal Vcom to the drive electrode accordance with the basic principle . As illustrated in FIG . 9 , 
COML corresponding to the one horizontal line . in the touch panel 30 , the touch detection electrode TDL and 

In the color filter 32 illustrated in FIG . 7 , for example , the drive electrode COML intersecting with each other 
color regions of the color filter colored in three colors of red 20 constitute a capacitive touch sensor in a matrix . Thus , by 
( R ) , green ( G ) , and blue ( B ) may be periodically arranged . scanning across the entire touch detection surface of the 
Color regions of three colors R , G , and B correspond to the touch panel 30 , a position where an external conductor is 
sub - pixels SPix illustrated in FIG . 8 , and a pixel Pix is brought into contact with or proximate to the touch panel 30 
constituted of a set of sub - pixels SPix corresponding to the can be detected . 
color regions of three colors . As illustrated in FIG . 7 , the 25 In the embodiment , one drive electrode block includes 
color filter 32 faces the liquid crystal layer 6 in a direction one or more drive electrodes COML . The number of drive 
perpendicular to the TFT substrate 21 . Another combination electrodes COML included in the one drive electrode block 
of colors may be employed for the color filter 32 so long as can be predetermined . In the embodiment , the detection 
the colors are different from each other . The combination of block corresponds to the drive electrode block . 
colors for the color filter 32 is not limited to three colors . 30 As an example of an operating method of the display 
Alternatively , four or more colors may be combined . device 1 with a touch detection function , the display device 

The drive electrode COML illustrated in FIG . 7 and FIG . 1 with a touch detection function performs a touch detection 
8 functions as a common electrode that gives a common operation ( touch detection period ) and a display operation 
potential to the pixel electrodes 22 of the display panel 20 , ( display operation period ) in a time division manner . The 
and also functions as a drive electrode used when mutual - 35 touch detection operation and the display operation may be 
capacitive touch detection of the touch panel 30 is per - separately performed in any manner The following describes 
formed . FIG . 9 is a perspective view of a configuration a method of performing the touch detection operation and 
example of the drive electrode and the touch detection the display operation while dividing each operation into a 
electrode of the display unit with a touch detection function plurality of parts within one frame period ( 1F ) of the display 
according to the first embodiment . The touch panel 30 40 panel 20 , that is , within time required for displaying video 
includes the drive electrode COML arranged in the pixel information corresponding to one screen . 
substrate 2 and the touch detection electrode TDL arranged FIG . 10 is a schematic diagram illustrating an example of 
in the counter substrate 3 . arrangement of the display operation period and the detec 

The drive electrodes COML are divided into a plurality of tion operation period in a plurality of frame periods . One 
striped electrode patterns extending in a horizontal direction 45 frame period ( 1F ) includes a plurality of display operation 
of FIG . 9 . The touch detection electrodes TDL have a periods Pd , ( x = 1 , 2 , . . . n ) and a plurality of detection 
plurality of electrode patterns extending in a direction inter - operation periods Per ( x = 1 , 2 , . . . n ) in which at least touch 
secting with the extending direction of the electrode patterns detection is performed . These periods are alternately 
of the drive electrodes COML . The touch detection electrode arranged on a time axis as follows : the display operation 
TDL faces the drive electrode COML in a direction perpen - 50 period Pd , , the detection operation period Pey , the display 
dicular to the surface of the TFT substrate 21 ( refer to FIG . operation period Pd , the detection operation period Pez , . . 
7 ) . Each electrode pattern of the touch detection electrode . . The detection operation period Pe , is arranged in a display 
TDL is coupled to an input terminal of the touch - detection - stopping period in which the display operation is not per 
signal amplification unit 42 in the touch detection unit 40 formed . The touch detection operation is performed in a 
( refer to FIG . 1 ) . Capacitance is formed at each intersecting 55 plurality of detection operation periods Pec , so that the touch 
portion between each electrode pattern of the drive electrode detection operation and the display operation are performed 
COML and each electrode pattern of the touch detection in a time division manner . 
electrode TDL . The control unit 11 ( refer to FIG . 1 ) supplies the pixel 

A translucent conductive material such as Indium tin signals Vpix to pixels Pix of a plurality of rows ( refer to FIG . 
oxide ( ITO ) is used for the touch detection electrode TDL 60 8 ) selected in the respective display operation periods Pd , by 
and the drive electrode COML , for example . The shape of controlling the gate driver 12 and the source driver 13 . 
the touch detection electrode TDL and the drive electrode The touch detection period is arranged in each of the 
COML ( drive electrode block ) is not limited to a plurality of detection operation periods Pez , and the control unit 11 ( refer 
stripes . For example , the touch detection electrode TDL and to FIG . 1 ) supplies , via the drive electrode driver 14 , the 
the drive electrode COML may have a comb - teeth shape . 65 drive signal Vcom for touch detection to the drive electrode 
Alternatively , it is sufficient that the touch detection elec - COML ( refer to FIG . 9 ) selected in the touch detection 
trodes TDL and the drive electrodes COML have a pattern period . The touch detection unit 40 detects whether there is 
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a touch input and performs an arithmetic operation of In this way , noise detection is performed by dividing the 
coordinates of an input position based on the first touch noise detection period Pnd , into a large number of periods 
detection signal Vdetl supplied from the touch detection within one frame period ( 1F ) , so that the noise can be 
electrode TDL . detected by reducing restrictions due to the touch detection 

In the present embodiment , the drive electrode COML 5 operation and the display operation . Accordingly , optimum 
also functions as the common electrode of the display panel touch detection operation and noise detection operation can 
20 , so that the control unit 11 supplies the drive signal Vcom be performed in accordance with the usage of the display 
having a common electrode potential for display to the drive device 1 with a touch detection function . 
electrode COML selected via the drive electrode driver 14 in In the touch detection period Pty , the drive electrode 
the display operation period Pdx . 10 COML receives the drive signal Vcom having a predeter 
When the touch detection operation is performed only mined frequency ( for example , f ) supplied from the drive 

with the touch detection electrode TDL without the drive electrode driver 14 ( refer to FIG . 1 ) , and touch detection is 
electrode COML , for example , when touch detection is performed based on a mutual capacitance between the drive 
performed based on a principle of self - capacitive touch electrode COML and the touch detection electrode TDL . In 
detection ( described later ) , the drive electrode driver 14 may 15 the noise detection period Pndx , supply of the drive signal 
supply the drive signal Vcom for touch detection to the Vcom from the drive electrode driver 14 to the drive 
touch detection electrode TDL . electrode COML is stopped . Thus , the noise detection unit 

In FIG . 10 , a video display operation corresponding to 51 can detect a noise superimposed on the touch detection 
one screen is performed by dividing the video display electrode TDL by reducing restrictions due to the drive 
operation into n parts within one frame period ( 1F ) . The 20 signal Vcom . In the present embodiment , in at least one of 
display operation period Pd , within one frame period ( 1F ) the detection operation periods Pex , the drive signal Vcom 
may be divided into two periods , or into three or more for performing touch detection is not applied to the touch 
periods . The touch detection period may also be divided into detection electrode TDL . 
two periods within one frame period ( 1F ) , or into three or FIG . 12 is an explanatory diagram illustrating an example 
more periods . 25 of an equivalent circuit that detects a noise from the touch 

In each of a plurality of touch detection periods , touch detection electrode . As illustrated in FIG . 12 , the voltage 
detection may be performed for a corresponding one of n detector DET is coupled to the touch detection electrode E2 
regions obtained by dividing an entire region of one touch via a switch SW2 . The voltage detector DET is the same 
detection surface into n parts , or touch detection correspond - integrating circuit as that illustrated in FIG . 3 and FIG . 5 . 
ing to one touch detection surface may be performed . 30 The touch detection electrode E2 is configured to be 
Alternatively , touch detection may be performed with skip - disconnected from other elements with a switch SW1 and 
ping one or more regions in the entire region as needed , for the switch SW2 . When a noise due to disturbance is super 
example . The display operation period Pd , and the detection imposed on the touch detection electrode E2 in a state in 
operation period Pe , may be performed once within one which the switch SW1 and the switch SW2 are turned off , 
frame period ( 1F ) , without dividing the periods . Although 35 an electric charge is accumulated on the capacitance of the 
the display operation period Pd , and the detection operation touch detection electrode E2 . When SW2 is turned on , the 
period Per have the same length in FIG . 10 , the display accumulated electric charge moves to a capacity in the 
operation period Pd , may be longer than the detection voltage detector DET , so that an output of the voltage 
operation period Pe , or the display operation period Pd , may detector DET is increased ( Vnd ) . Accordingly , amplitude of 
be shorter than the detection operation period Per 40 the noise superimposed on the touch detection electrode E2 

Next , the following describes a noise detection operation can be detected 
of the display device 1 with a touch detection function The switch SW1 is repeatedly turned on and off and the 
according to the present embodiment . FIG . 11 is a schematic switch SW2 is repeatedly turned on and off in a predeter 
diagram illustrating a relation between the display operation mined period , allowing detection of a noise having a fre 
period , the touch detection period , and a noise detection 45 quency in accordance with the status of the switches SW1 
period in one frame period . and SW2 . In the present embodiment , as illustrated in FIG . 
As illustrated in FIG . 11 , in the display device 1 with a 11 , when the frequency of the drive signal Vcom is f? , a 

touch detection function , the detection operation period Pe noise having the frequency f , can be detected in the noise 
( x = 1 , 2 , . . . n ) includes a touch detection period Pt . ( x = 1 , detection period Pnd . As described above , in the touch 
2 , . . . n ) for performing the touch detection operation and a 50 detection operation in the touch detection period Pt the first 
noise detection period Pnd , ( x = 1 , 2 , . . . n ) for detecting a touch detection signal Vdet1 is sampled at a timing syn 
noise . The noise detection period Pndy is shorter than the chronized with the frequency of the drive signal Vcom . The 
detection operation period Pex . One frame period ( 1F ) noise detection period Pnd , is arranged in a period different 
includes a plurality of noise detection periods Pnd . The from the touch detection period Pt , so that the drive signal 
noise detection period Pnd , is arranged in a period different 55 Vcom is not supplied to the drive electrode COML in the 
from the touch detection period Ptz . In the present embodi noise detection period Pnd . Thus , the noise detection unit 
ment , the display operation period Pdx , the touch detection 51 can detect a noise having a frequency matching with the 
period Pt , and the noise detection period Pnd , are repeat - frequency of the first touch detection signal Vdetl or a 
edly arranged in this order . frequency close thereto with high accuracy . 

The noise detection period Pnd is arranged to be adjacent 60 In detecting the noise , a voltage signal may be supplied 
to the touch detection period Pt . However , the embodiment via the switch SW1 so that the touch detection electrode E2 
is not limited thereto . For example , the detection operation has a fixed electric potential . In a state in which the switch 
period Pe , may include only one of the touch detection SW1 is turned on and the switch SW2 is turned off , a noise 
operation and the noise detection operation . The noise due to disturbance is superimposed on the fixed electric 
detection period Pnd may be a period after the touch 65 potential of the touch detection electrode E2 . After that , 
detection period Pty , or a period before the touch detection when the switch SW1 is turned off and the switch SW2 is 
period Pty , in the detection operation period Pex turned on , the electric charge accumulated in the touch 
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detection electrode E2 moves to the capacity in the voltage touch detection control unit 11B performs the touch detec 
detector DET , and the noise is detected . By fixing the tion operation and the noise detection operation within the 
electric potential of the touch detection electrode E2 , ampli - detection operation period Pe , in a time division manner . In 
tude of the noise can be detected with high accuracy . a state in which a noise is not detected initial state ) , 

The following describes an operation of the display 5 proportions of the touch detection period Pt , and the noise 
device 1 with a touch detection function according to the detection period Pnd , in the detection operation period Pe 
present embodiment in a case of detecting a noise with are 90 % and 10 % , respectively ( Step ST11 in FIG . 15 ) . 
reference to FIG . 13 to FIG . 15 . FIG . 13 is a block diagram Next , the noise detection unit 51 detects a noise in each illustrating a configuration example of the display unit with noise detection period Pnd within one frame period ( ( y ) F ) . a touch detection function , the control unit , and the noise 10 + The determination unit 11C determines whether the ampli detection unit . FIG . 14 is a schematic diagram for explaining tude of the noise signal Vnd received from the noise a relation between the display operation period , the touch detection unit 51 is equal to or larger than the threshold . The detection period , and the noise detection period in a case of 
detecting a noise . FIG . 15 is a flowchart for explaining the determination unit 11C may perform the determination 
touch detection operation and the noise detection operation . 15 based on a history of the noise signal Vnd detected in the 
As illustrated in FIG . 13 , the noise detection unit 51 noise detection period Pnd , within one frame period ( ( y ) F ) 

includes an amplification unit 51A that amplifies a noise or a plurality of frame periods . Alternatively , the determi 
signal detected from the touch detection electrode TDL , an nation unit 110 may perform the determination per a pre 
A / D conversion unit 51B that converts the noise signal determined number of noise detection periods Pnd . . . 
supplied from the amplification unit 51A into a digital 20 If the amplitude of the noise signal Vnd is smaller than the 
signal , and a signal processing unit 51C that detects the threshold , the determination unit 11C determines that noise 
amplitude of the noise signal based on an output signal of the is not detected ( No at Step ST12 in FIG . 15 ) . The touch 
A / D conversion unit 51B . The amplification unit 51A detection control unit 11B performs the touch detection 
includes the voltage detector DET illustrated in FIG . 12 , and operation and the noise detection operation in the next one 
amplifies a noise signal Vnd detected as the voltage signal . 25 frame period ( ( y + 1 ) F ) without changing the proportions of 
The signal processing unit 51C may include a digital filter the touch detection period Pt , and the noise detection period 
that reduces frequency components other than a predeter - Pnd , that is , the proportions of the touch detection period 
mined frequency included in the noise signal Vnd . Pt and the noise detection period Pnd , are 90 % and 10 % , 

The control unit 11 includes a display control unit 11A , a respectively ( Step ST14 in FIG . 15 ) . If the amplitude of the 
touch detection control unit 11B , a determination unit 11C , 30 noise signal Vnd is equal to or larger than the threshold , the 
and a storage unit 11D . The display control unit 11 A supplies determination unit 11C determines that a noise is detected 
control signals to the gate driver 12 , the source driver 13 , ( Yes at Step ST12 in FIG . 15 ) . As illustrated in the lower 
and the drive electrode driver 14 illustrated in FIG . 1 to diagram in FIG . 14 , the touch detection control unit 11B 
control the display operation of the display panel 20 . The lengthens the noise detection period Pnd , in the detection 
touch detection control unit 11B supplies control signals to 35 operation period Pe , in the next one frame period ( y + 1 F ) 
the drive electrode driver 14 and the touch detection unit 40 to enhance noise detection . Specifically , the proportions of 
to control the touch detection operation of the touch panel the touch detection period Pt , and the noise detection period 
30 . The touch detection control unit 11B can control the Pnd are changed to be 80 % and 20 % , respectively ( Step 
noise detection operation of the noise detection unit 51 , and ST13 in FIG . 15 ) . Then the touch detection control unit 11B 
performs the touch detection operation and the noise detec - 40 performs the touch detection operation and the noise detec 
tion operation in a time division manner The determination tion operation in the next one frame period ( ( y + 1 ) F ) in a 
unit 11C determines whether there is a noise based on state in which noise detection is enhanced ( Step ST14 in 
information of the noise signal Vnd received from the noise FIG . 15 ) . 
detection unit 51 . The storage unit 11D stores a threshold of In the display device 1 with a touch detection function 
the noise signal Vnd that is used by the determination unit 45 according to the present embodiment , a plurality of noise 
11C in determining the presence or absence of a noise , and detection periods Pnd , are arranged in one frame period 
an operation program of the display control unit 11A and the ( 1F ) , and the touch detection period Pt , and the noise 
touch detection control unit 11B that is executed when a detection period Pnd are arranged in different periods in the 
noise is detected . detection operation period Pec , so that a degree of freedom 

The display control unit 11A may be mounted on a display 50 of the noise detection operation can be improved . That is , 
control integrated circuit ( IC ) , and the touch detection noise detection can be enhanced by lengthening the noise 
control unit 11B may be mounted on a touch detection IC . detection period Pnd , in accordance with magnitude of an 
In this case , the touch detection unit 40 illustrated in FIG . 1 external noise detected by the noise detection unit 51 . 
may also be mounted on the touch detection IC . The storage A timing for enhancing noise detection is assumed to be 
unit 11D may be a random access memory ( RAM ) , a read 55 one frame period ( ( y + 1 ) F ) subsequent to the y - th frame 
only memory ( ROM ) , and the like . period in which the noise detection unit 51 has detected the 

The upper diagram in FIG . 14 represents one display noise . However , the embodiment is not limited thereto . The 
operation period Pd , and one detection operation period Pe noise detection period Pnd , may be lengthened from the 
in the y - th one frame period ( ( y ) F ) , for example . The lower middle of the y - th one frame period ( ( y ) F ) in which the noise 
diagram in FIG . 14 represents one display operation period 60 has been detected . In the display device 1 with a touch 
Pd , and one detection operation period Pe , in the subsequent detection function according to the present embodiment , 
( y + 1 ) - th one frame period ( ( y + 1 ) F ) after a noise is detected noise detection is enhanced by lengthening the noise detec 
The display control unit 11A performs the display operation tion period Pnd . Alternatively , when the display device 1 
and a display stopping operation within one frame period with a touch detection function is used in an electrically 
( 1F ) in a time division manner As illustrated in the upper 65 low - noise environment and the noise detection unit 51 rarely 
diagram in FIG . 14 , the display operation period Pd , and the detects a noise , an operation in which touch detection is 
detection operation period Pe , are alternately arranged . The enhanced may be performed by shortening the noise detec 
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tion period Pnd , so that the touch detection period Pt is 95 % and the information about the frequencies f1 , f2 , . . . fm is 
and the noise detection period Pnd , is 5 % , for example . stored in advance in the storage unit 11D illustrated in FIG . 
Modification 13 . In FIG . 17 , noises having different frequencies are 

FIG . 16 is a schematic diagram illustrating a relation detected in the respective noise detection periods Pnd in one 
between the display operation period , the touch detection 5 frame period ( 1F ) . However , the embodiment is not limited 
period , and the noise detection period in one frame period thereto . A noise having a different frequency may be 
according to a modification of the first embodiment . In FIG . detected per a plurality of noise detection periods Pnd . For 
11 , all the detection operation periods Per in one frame example , the noise having the frequency f , may be detected 
period ( 1F ) each include the touch detection period Pt , and in the noise detection period Pnd , and the noise detection 
the noise detection period Pndt . However , the embodiment 10 period Pnd , and the noise having the frequency fy may be 
is not limited thereto . As illustrated in FIG . 16 , for example , detected in a subsequent noise detection period Pndz and a 
the proportion of the touch detection period Pt , may be set noise detection period Pnd , ( not illustrated ) . 
to be 100 % in the detection operation period Pe , and the Next , the following describes an operation of the display 
detection operation period Pe , so that noise detection is not device with a touch detection function in a case of detecting 
performed . The detection operation periods Pez , Pex , . . . Pe , 15 a noise according to the present embodiment with reference 
include the noise detection periods Pnd , ( x = 1 , 2 , . . . n - 2 ) , to FIG . 13 , FIG . 18 , and FIG . 19 . FIG . 18 is a schematic 
respectively . Even in such an aspect , as described above , diagram for explaining a relation between the display opera 
noise detection can be enhanced or a noise detection time tion period , the touch detection period , and the noise detec 
can be shortened by changing the length of the noise tion period in a case of detecting a noise according to the 
detection period Pnd . . 20 second embodiment . FIG . 19 is a flowchart for explaining 

In this way , each of the detection operation periods Pet the touch detection operation and the noise detection opera 
included in one frame period includes at least the touch tion according to the second embodiment . 
detection period Ptz . Additionally , the touch detection period The display control unit 11A performs the display opera 
Pt , and the noise detection period Pnd are included in at tion and the display stopping operation in a time division 
least one of the detection operation periods Pe in one frame 25 manner in one frame period ( 1F ) . As illustrated in the upper 
period . The detection operation period Pex for performing diagram in FIG . 18 , the display operation period Pd , and the 
only touch detection is not limited to the detection operation detection operation period Pe are alternately arranged . The 
period Pe , and the detection operation period Pez . The touch detection control unit 11B performs the touch detec 
detection operation period Per for performing only touch tion operation and the noise detection operation in a time 
detection may be any one of the detection operation periods 30 division manner in the detection operation period Pe . ( Step 
Pex or three or more of the detection operation periods Per ST21 in FIG . 19 ) . In a state in which a noise is not detected 
in one frame period ( 1F ) . It is sufficient that at least one ( initial state ) , the proportions of the touch detection period 
detection operation period Pe , included in one frame period Pt , and the noise detection period Pnd , in the detection 
( 1F ) includes the touch detection period Ptz , and the noise operation period Pex are 90 % and 10 % , respectively . The 
detection period Pnd . More preferably , two or more detec - 35 drive signal Vcom having the frequency f? is supplied to the 
tion operation periods Pe , included in one frame period ( 1F ) drive electrode COML in the touch detection period Pt . 
each include the touch detection period Pt , and the noise The noise detection unit 51 detects noise signals Vnd 
detection period Pndt . All of the detection operation periods having different frequencies ( frequency f1 , f2 , . . . fm ) in the 
Pe , included in one frame period ( 1F ) may have the same y - th one frame period ( ( y ) F ) ( Step ST22 in FIG . 19 ) . The 
length . 40 noise detection unit 51 outputs information on the detected 
Second Embodiment noise signal Vnd to the control unit 11 for each frequency . 

FIG . 17 is a schematic diagram illustrating a relation The information on the noise indicates the amplitude of the 
between the display operation period , the touch detection noise calculated by the signal processing unit 51C . The 
period , and the noise detection period in one frame period in determination unit 11C compares the amplitudes of the noise 
a display device with a touch detection function according to 45 signals Vnd with each other for each of the different fre 
a second embodiment . Regarding the display device with a quencies f1 , f2 , . . . fm ( Step ST23 in FIG . 19 ) . The storage 
touch detection function according to the present embodi - unit 11D may store , for each of the different frequencies f , 
ment , an arrangement order of the display operation period f , . . . fm , the information on the noise signal Vnd corre 
Pd . , the detection operation period Peç , the touch detection sponding to a plurality of frames . The determination unit 
period Pt , and the noise detection period Pnd , is the same 50 11C may perform comparison using each piece of informa 
as that in the first embodiment , and the noise detection tion on the noise corresponding to a plurality of frames . 
period Pnd is shorter than the detection operation period Thus , the noise signals Vnd can be compared with each other 
Per . The present embodiment is different from the first with high accuracy , and a frequency having a small noise 
embodiment in that noise having different frequencies is and a frequency having a large noise can be obtained . 
detected in the respective noise detection periods Pnd , in one 55 The determination unit 11C determines whether the fre 
frame period ( 1F ) . quency f , of the drive signal Vcom is substantially equal to 

For example , the noise detection unit 51 detects a noise the frequency of the noise signal Vnd the amplitude of which 
having the frequency f , in the noise detection period Pnd? , is the smallest . If the frequencies are substantially equal to 
and detects a noise having a frequency f , in the next noise each other , the touch detection operation and the noise 
detection period Pndy . In this way , noises having the fre - 60 detection operation in the next one frame period ( ( y + 1 F ) are 
quency f1 , f2 , . . . fm are detected in the noise detection performed without changing the frequency of the drive 
periods Pnd , respectively . The noise detection unit 51 may signal Vcom ( Yes at Step ST24 in FIG . 19 ) . If the frequency 
change the switching timing of the switch SW1 and the f , of the drive signal Vcom is not substantially equal to the 
switch SW2 illustrated in FIG . 12 for each noise detection frequency of the noise signal the amplitude of which is the 
period Pnd , so as to detect noises having different frequen - 65 smallest ( No at Step ST24 in FIG . 19 ) , the touch detection 
cies . Each of the frequencies f , f , . . . fm is a frequency to control unit 11B changes the frequency of the drive signal 
be a candidate for the frequency of the drive signal Vcom , Vcom from the frequency f , to the frequency having small 
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amplitude of the noise signal Vnd ( for example , the fre FIG . 22 is a graph schematically illustrating an example 
quency f , ) ( Step ST25 in FIG . 19 ) . Then , as illustrated in the of a relation between the first touch detection signal and 
lower diagram in FIG . 18 , the touch detection operation is touch detection coordinates in a state in which a finger is in 
performed with the frequency f , of the drive signal Vcom for a contact state or a proximate state . FIG . 23 is a graph 
the next ( y + 1 ) - th one frame period ( ( y + 1 ) F ) . The control 5 schematically illustrating an example of a relation between 
unit 11 repeats the above - described process , and the touch the first touch detection signal and the touch detection detection control unit 11B changes the frequency of the coordinates in a state in which a stylus pen is in a contact drive signal Vcom to the frequency of the noise signal Vnd state or a proximate state . FIG . 24 is a graph schematically 
having the smallest amplitude when the frequency of the illustrating an example of a relation between the first touch drive signal Vcom is different from the frequency of the 10 detection signal and the touch detection coordinates in a noise signal Vnd having the smallest amplitude . state in which a glove is in a contact state or a proximate Thus , in the display device with a touch detection function state . The touch detection coordinates in FIG . 22 to FIG . 24 according to the present embodiment , one frame period ( 1F ) 
includes a plurality of noise detection periods Pndx , and a represent coordinates in a direction in which a plurality of 
plurality of noise detection periods Pnd are each arranged in 15 15 drive electrodes COML illustrated in FIG . 9 are arranged . 
a period different from the touch detection period Pt . Due In the present embodiment , a stylus pen 102 means a 
to this , the noise signal Vnd can be easily detected for each pen - type pointing device in which a conductor serving as a 
frequency . By comparing the noise signals Vnd detected for pointing member is mounted at a distal end thereof . The 
individual frequencies with each other and changing the pointing member of the stylus pen 102 is thinner than a 
frequency of the drive signal Vcom to the frequency having 20 finger and the like , so that sensitivity in touch detection may 
small amplitude of the noise signal Vnd , resistance to noise be lowered . A glove 103 is a personal ornament that covers 
can be improved , and erroneous detection or malfunction in a hand to protect the hand from cold and / or injury , to dress 
touch detection can be prevented . the hand , etc . For example , a conductor is arranged at a 

In the above description , the frequency f , of the drive fingertip portion , and a touch input can be performed in a 
signal Vcom is compared with the frequency of the noise 25 state in which the glove 103 is put on a hand . 
signal Vnd having the smallest amplitude . Alternatively , the As illustrated in FIG . 23 , when the stylus pen 102 is in a 
frequency f , of the drive signal Vcom may be compared with contact state or a proximate state , a peak of the first touch 
the frequency of the noise signal having the largest ampli - detection signal Vdet1 is sharpened as compared with a case 
tude . When the frequencies are substantially equal to each in which a finger 101 is in a contact state or a proximate state 
other , the resistance to noise can be improved by changing 30 illustrated in FIG . 22 . As illustrated in FIG . 24 , when the 
the frequency of the drive signal Vcom to the frequency of touch input is performed by the finger 101 on which the 
the noise signal Vnd having the amplitude equal to or glove 103 and the like are put , and the glove 103 is in a 
smaller than a predetermined threshold . In FIG . 18 , the contact state or a proximate state , an area facing the touch 
proportions of the touch detection period Pt , and the noise detection surface becomes larger than that in a case in which 
detection period Pnd , are not changed . However , in an 35 the finger 101 is in a contact state or a proximate state , and 
electrically noisy environment , the noise detection period the peak of the first touch detection signal Vdet1 is broad 
Pnd may be lengthened to enhance noise detection in the ened . In this way , when the touch input is performed by the 
same manner as the first embodiment . stylus pen 102 , the glove 103 , or the like , an output of the 
Third Embodiment first touch detection signal Vdet1 is changed , and the rela 

FIG . 20 is a schematic diagram for explaining a relation 40 tion between the first touch detection signal Vdet1 and the 
between the display operation period , the touch detection touch detection coordinates is changed , so that erroneous 
period , and the noise detection period in a case of detecting detection may be caused . 
a noise according to a third embodiment . FIG . 21 is a The storage unit 11D stores a curve representing the 
flowchart for explaining the touch detection operation and relation between the first touch detection signals Vdet1 and 
the noise detection operation according to the third embodi - 45 the touch detection coordinates as reference information . 
ment . In the display device with a touch detection function The determination unit 11C can determine whether there is 
according to the first embodiment and the second embodi - a touch input performed by the stylus pen 102 or the glove 
ment described above , a relation between the touch detec - 103 by comparing the information about distribution of the 
tion period and the noise detection period is changed by first touch detection signals Vdetl supplied from the touch 
detecting the noise . However , the embodiment is not limited 50 detection unit 40 with the reference information of the 
thereto . The display device with a touch detection function storage unit 11D . The determination unit 11C may perform 
according to the third embodiment can optimize the touch the determination by comparing half - value widths of the first 
detection period and the noise detection period depending on touch detection signals Vdet1 with each other . 
whether the touch input is performed by a finger or per If there is no touch input performed by the stylus pen 102 
formed by using a stylus pen , a glove , and the like . 55 or the glove 103 ( No at Step ST32 in FIG . 21 ) , the 
As illustrated in the upper diagram in FIG . 20 , in a case determination unit 11C determines that the touch input is 

of performing an operation of detecting contact or proximity performed by the finger , and performs the touch detection 
of a finger , the proportions of the touch detection period Pt , operation and the noise detection operation in the next one 
and the noise detection period Pnd , in the detection opera - frame period without changing the touch detection period 
tion period Pe are , for example , 90 % and 10 % , respectively 60 Pt , and the noise detection period Pnd , ( Step ST34 in FIG . 
( Step ST31 in FIG . 21 ) . Next , when detecting a touch input , 21 ) . If the determination unit 11C determines that there is a 
the touch detection unit 40 supplies information about touch input performed by the stylus pen 102 or the glove 103 
distribution of detected first touch detection signals Vdet1 to ( Yes at Step ST32 in FIG . 21 ) , as illustrated in the lower 
the control unit 11 . The determination unit 11C determines diagram in FIG . 20 , the touch detection control unit 11B 
whether there is a touch input performed by a stylus pen or 65 changes the proportions of the touch detection period Pt , and 
a glove based on the information about distribution of the the noise detection period Pnd , to 95 % and 5 % , respectively , 
first touch detection signals Vdetl ( Step ST32 in FIG . 21 ) . and enhances touch detection ( Step ST33 in FIG . 21 ) . Then , 
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the touch detection operation and the noise detection opera self - capacitive touch detection is mainly performed to detect 
tion in the next one frame period ( 1F ) are performed ( Step contact or proximity of an external conductor . 
ST34 in FIG . 21 ) . When the touch detection unit 40 performs the self 

As described above , according to the present embodi - capacitive touch detection operation , the drive signal is 
ment , one frame period ( 1F ) includes a plurality of noise 5 supplied from the driving driver 47 to the touch detection 
detection periods Pnd , and the touch detection period Pt electrode TDL . However , the drive electrode COML may be 
and the noise detection period Pnd are arranged in different in a floating state in which the voltage signal is not applied 
periods in the detection operation period Pex , so that a and the electric potential is not fixed . A voltage signal at the 
degree of freedom of the touch detection operation and the same level as that of the drive signal supplied to the touch 
noise detection operation can be improved . That is , by 10 detection electrode TDL may be applied to the drive elec 

trode COML at the same time . enhancing touch detection to perform the touch detection Next , the following describes a basic principle of self operation when distribution of the first touch detection capacitive touch detection performed by the display device signals Vdet1 is changed , for example , detection accuracy 1A 1A with a touch detection function according to the present 
can be improved . The proportion of the touch detection 15 embodiment with reference to FIG . 26 to FIG . 28 . FIG . 26 period Pt , is increased in the detection operation period Pex , is an explanatory diagram for explaining the basic principle 
so that touch detection can be enhanced without changing of self - capacitive touch detection and illustrates a state in 
the display operation . which a finger is in a non - contact state or a non - proximate 

The method of changing the touch detection period Pt state . FIG . 27 is an explanatory diagram for explaining the 
and the noise detection period Pnd , based on the information 20 basic principle of self - capacitive touch detection and illus 
about distribution of the first touch detection signals Vdet1 trates a state in which the finger is in a contact state or a 
described in the present embodiment may be combined with proximate state . FIG . 28 is a diagram illustrating an example 
the first embodiment and the second embodiment described of waveforms of the drive signal and the touch detection 
above . For example , when the noise detection unit 51 detects signal . FIGS . 26 and 27 also illustrate a detection circuit . 
a noise equal to or larger than a threshold , the proportion of 25 As illustrated in FIG . 26 , in a state in which a finger is in 
the noise detection period Pnd , illustrated in the lower a non - contact state or a non - proximate state , the AC rect 
diagram in FIG . 20 may be changed from 5 % to 10 % to angular wave Sg having a predetermined frequency ( for 
enhance noise detection . example , about several kHz to several hundreds kHz ) is 
Fourth Embodiment applied to the touch detection electrode E2 . The touch 

FIG . 25 is a block diagram illustrating a configuration 30 detection electrode E2 has a capacitance C3 , and a current 
example of the display device with a touch detection func - corresponding to the capacitance C3 flows therethrough . 
tion according to a fourth embodiment . A display device 1A The voltage detector DET converts variation in the current 
with a touch detection function according to the present corresponding to the AC rectangular wave Sg into variation 
embodiment has a normal operation mode and a sleep mode . in voltage ( a waveform V4 of a solid line ( refer to FIG . 28 ) ) . 
In the normal operation mode , in the same manner as the 35 Next , as illustrated in FIG . 27 , in a state in which a finger 
display device 1 with a touch detection function according is in a contact state or a proximate state , a capacitance C4 
to the first to third embodiments , a display operation for between the finger and touch detection electrode E2 is added 
performing image display on the display panel 20 by oper - to the capacitance C3 of the touch detection electrode E2 . 
ating an image display function and a touch detection Accordingly , when the AC rectangular wave Sg is applied to 
operation for detecting a touch input on or to the touch panel 40 the touch detection electrode E2 , a current corresponding to 
30 are performed in a time division manner The sleep mode the capacitance C3 and the capacitance C4 flows there 
includes a period in which the image display function is through . As illustrated in FIG . 28 , the voltage detector DET 
stopped , that is , image display on the display panel 20 is not converts variation in the current corresponding to the AC 
performed and the touch detection operation is stopped . rectangular wave Sg into variation in voltage ( a waveform 
When there is no touch operation for a certain period of time 45 V , of a dotted line ) . By integrating voltage values of the 
in the normal operation mode , the display device 1A with a obtained waveform V2 and waveform V , to compare the 
touch detection function proceeds to the sleep mode . When values with each other , it can be determined whether a finger 
contact or proximity of a finger is detected in the sleep mode , is in contact with or proximate to the touch detection 
the display device 1A with a touch detection function electrode E2 . In FIG . 28 , a period until the voltage is 
proceeds to the normal operation mode . 50 lowered to a predetermined reference voltage is obtained for 

The touch panel 30 according to the present embodiment each of the waveform V4 and the waveform V5 , and the 
can perform a self - capacitive touch detection operation in obtained periods may be compared with each other . 
addition to the mutual - capacitive touch detection operation Specifically , as illustrated in FIGS . 26 and 27 , the touch 
described above . As illustrated in FIG . 25 , the touch detec - detection electrode E2 is configured to be disconnected from 
tion unit 40 includes a driving driver 47 for supplying a drive 55 other elements with the switch SW1 and the switch SW2 . In 
signal to the touch detection electrode TDL in performing FIG . 28 , at a timing of time T01 , a voltage level of the AC 
the self - capacitive touch detection operation . The touch rectangular wave Sg is increased to a voltage level corre 
detection electrode TDL outputs a second touch detection sponding to a voltage Vo . At this point , the switch SW1 is 
signal Vdet2 corresponding to a self capacitance , and the on and the switch SW2 is off . Due to this , the voltage of the 
second touch detection signal Vdet2 is supplied to the 60 touch detection electrode E2 is increased to the voltage Vo . 
touch - detection - signal amplification unit 42 . The A / D con - Next , the switch SW1 is turned off before a timing of time 
version unit 43 , the signal processing unit 44 , and the T11 . Although the touch detection electrode E2 is in a 
coordinate extracting unit 45 detect contact or proximity of floating state at this point , the electric potential of the touch 
a conductor such as a finger . detection electrode E2 is kept at V , with the capacitance C3 

In the present embodiment , in the normal operation mode , 65 ( refer to FIG . 26 ) of the touch detection electrode E2 or a 
mutual - capacitive touch detection is mainly performed to capacitance obtained by adding the capacitance C4 gener 
detect the coordinates of the touch input . In the sleep mode , ated by contact or proximity of a finger and the like to the 
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capacitance C3 of the touch detection electrode E2 ( C3 + C4 , diagram for explaining a relation between an idling period , 
refer to FIG . 27 ) . The switch SW3 is turned on before the the touch detection period , and the noise detection period in 
timing of time T11 , and turned off after a predetermined time a case of detecting a noise . FIG . 31 is a flowchart for 
has elapsed to reset the voltage detector DET . Through this explaining the touch detection operation and the noise 
reset operation , the output voltage becomes substantially the 5 detection operation . 
same voltage as Vref . As illustrated in FIG . 29 , one sleep period ( 1S ) is repeat 

Subsequently , when the switch SW2 is turned on at the edly arranged in the sleep mode . Each sleep period ( 1S ) 
timing of time T11 , a inverting input terminal of the voltage includes an idling period Pi in which the display operation , 
detector DET has the voltage Vo of the touch detection the touch detection operation , and the noise detection opera 
electrode E2 . Thereafter , the voltage of the inverting input 10 tion are not performed , and an idling stopping period Pj in 
terminal of the voltage detector DET is lowered to a refer - which the display operation is not performed and the touch 
ence voltage Vref in accordance with a time constant of the detection operation and the noise detection operation are 
capacitance C3 ( or C3 + C4 ) of the touch detection electrode performed . In the sleep mode , the idling period Pi and the 
E2 and a capacitance C5 in the voltage detector DET . At this idling stopping period Pj are alternately arranged . In the 
point , an electric charge accumulated in the capacitance C3 15 normal operation mode , the display operation period Pd , 
( or C3 + C4 ) of the touch detection electrode E2 moves to the ( x = 1 , 2 , . . . n ) and the detection operation period Pe , ( x = 1 , 
capacitance C5 in the voltage detector DET , so that the 2 , . . . n ) described above are alternately arranged . 
output of the voltage detector DET is increased ( Vdet2 ) . The In the sleep mode , the display operation is not performed , 
output ( Vdet2 ) of the voltage detector DET is represented as so that the display control unit 11 A ( refer to FIG . 13 ) , the 
the waveform V4 of a solid line when a finger and the like 20 gate driver 12 , and the source driver 13 ( refer to FIG . 25 ) do 
are not proximate to the touch detection electrode E2 , and not operate , and thereby power consumption of the display 
Vdet2 = C3xV / C5 is satisfied . When a capacitance caused device 1A with a touch detection function is reduced . One 
by a finger and the like is added , the output ( Vdet2 ) is sleep period ( 1S ) may have any length . The length may be 
represented as the waveform V5 of a dotted line , and different from or the same as that of a period obtained by 
Vdet2 = ( C3 + C4 ) XV , / C5 is satisfied . 25 adding the display operation period Pd , and the detection 

Thereafter , the switch SW2 is turned off and the switch operation period Pe , together . In this case , one sleep period 
SW1 and the switch SW3 are turned on at a timing of time ( 1S ) is set based on a reference clock of a clock generation 
Tz , after the electric charge of the capacitance C3 ( or unit 48 included in the touch detection unit 40 . 
C3 + C4 ) of the touch detection electrode E2 sufficiently As illustrated in FIG . 30 , the idling period Pi and the 
moves to the capacitance C5 , and thus the electric potential 30 idling stopping period Pj are arranged in one sleep period 
of the touch detection electrode E2 is caused to be at a low ( 1S ) . For example , the proportions of the idling period Pi 
level that is the same as the electric potential of the AC and the idling stopping period Pj in one sleep period ( 1S ) are 
rectangular wave Sg , and the voltage detector DET is reset . 75 % and 25 % , respectively . In the idling stopping period Pi , 
In this case , a timing for turning on the switch SW1 may be a touch detection period Pts for performing self - capacitive 
any timing after the switch SW2 is turned off and before 35 touch detection , a noise detection period Pnd for performing 
time Toz . A timing for resetting the voltage detector DET noise detection , and a touch detection period Ptm for per 
may be any timing after the switch SW2 is turned off and forming mutual - capacitive touch detection are arranged in 
before time T 2 . The above operation is repeated at a different periods . The touch detection operation in the sleep 
predetermined frequency ( for example , about several kHz to mode is performed in the self - capacitive touch detection 
several hundreds kHz ) . It can be measured whether there is 40 period Pts and the mutual - capacitive touch detection period 
an external proximity object ( whether there is a touch Ptm in the idling stopping period Pj . In a state in which a 
operation ) based on an absolute value ] AVI of a difference noise in the sleep mode is not detected , the self - capacitive 
between the waveform V4 and the waveform V5 . As illus - touch detection period Pts is 10 % , the mutual - capacitive 
trated in FIG . 28 , the electric potential of the touch detection touch detection period Ptm is 5 % , and the noise detection 
electrode E2 is represented as the waveform V , when a 45 period Pnd is 10 % for one sleep period ( 1S ) ( Step ST41 in 
finger and the like are in a non - proximate state , and repre - FIG . 31 ) . 
sented as the waveform V , when the capacitance C4 caused The noise detection unit 51 performs the noise detection 
by a finger and the like is added . It can be measured whether operation in the noise detection period Pnd in the sleep 
there is an external proximity object ( whether there is a mode . When no noise is detected ( No at Step ST42 in FIG . 
touch operation ) by measuring a time until each of the 50 31 ) , the touch detection control unit 11B ( refer to FIG . 13 ) 
waveform V , and the waveform Vz is lowered to a prede - repeatedly executes one sleep period ( 1S ) in FIGS . 30 and 
termined voltage VTH : at Step ST41 in FIG . 31 . If the touch detection operation is 

In the touch panel 30 according to the present embodi - performed in the self - capacitive touch detection period Pts 
ment , the electric charge is supplied to each touch detection in the idling stopping period Pj and the touch detection unit 
electrode TDL in accordance with the drive signal supplied 55 40 detects contact or proximity of a finger ( Yes at Step ST46 
from the driving driver 47 illustrated in FIG . 25 , and in FIG . 31 ) , the control unit 11 proceeds to the normal 
self - capacitive touch detection is performed . Each of a operation mode ( Step ST47 in FIG . 31 ) . In this case , the 
plurality of touch detection electrodes TDL outputs the proportions of the touch detection period Pt , and the noise 
second touch detection signal Vdet2 to the touch - detection detection period Pnd , in the detection operation period Pe 
signal amplification unit 42 . The A / D conversion unit 43 60 are 90 % and 10 % , respectively . 
converts an analog signal that is output from the touch If the touch detection operation is performed in the 
detection - signal amplification unit 42 into a digital signal . self - capacitive touch detection period Pts in the idling 
The signal processing unit 44 receives a signal from the A / D stopping period Pj and the touch detection unit 40 does not 
conversion unit 43 to detect whether there is a touch input . detect contact or proximity of a finger ( No at Step ST46 in 

FIG . 29 is a schematic diagram for explaining an opera - 65 FIG . 31 ) , the control unit 11 continues the sleep mode . In 
tion in the sleep mode and the normal operation mode this case , the touch detection operation in the sleep mode is 
according to the fourth embodiment . FIG . 30 is a schematic performed while keeping the proportions of the self - capaci 
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tive touch detection period Pts , the mutual - capacitive touch The display device with a touch detection function 
detection period Ptm , and the noise detection period Pnd at according to the present embodiment has a configuration 
10 % , 5 % , and 10 % , respectively . similar to that of the display device 1A with a touch 

If a noise is detected in the noise detection period Pnd in detection function according to the fourth embodiment illus 
the sleep mode ( Yes at Step ST42 in FIG . 31 ) , the touch 5 trated in FIG . 25 , and has the normal operation mode and the 
detection control unit 11B ( refer to FIG . 13 ) enhances noise sleep mode . In the sleep mode , the proportions of the idling 
detection in one sleep period ( 1S ) ( FIG . 30 , Step ST43 in period P1 period Pi and the idling stopping period Pj in one sleep 
FIG . 31 ) . Specifically , the proportion of the noise detection period ( 1S ) are 75 % and 25 % , respectively . The touch 
period Pnd for one sleep period ( 1S ) is increased from 10 % detection operation and the noise detection operation are 
to 20 % . In this case , the proportion of the idling period Pi is 10 10 performed in the idling stopping period Pj . With respect to 
reduced to be 65 % , and the self - capacitive touch detection one sleep period ( 1S ) , the proportions of the self - capacitive 

touch detection period Pts , the mutual - capacitive touch period Pts and the mutual - capacitive touch detection period detection period Ptm , and the noise detection period Pnd are Ptm are secured to be 10 % and 5 % , respectively . 10 % , 5 % , and 10 % , respectively ( FIG . 32 , Step ST51 in 
If the touch detection unit 40 detects contact or proximity 15 . FIG . 33 ) 

of a finger in the self - capacitive touch detection period Pts . The display device with a touch detection function 
in the idling stopping period Pj ( Yes at Step ST44 in FIG . according to the present embodiment can detect water 
31 ) , the control unit 11 proceeds to the normal operation adhering to the touch detection surface through the self 
mode in a state in which noise detection is enhanced . That capacitive touch detection operation . FIG . 34 is a graph 
is , the touch detection operation and the noise detection 20 schematically illustrating an example of a relation between 
operation are started in a state in which the touch detection the second touch detection signal and the touch detection 
period Pt , is 80 % and the noise detection period Pnd , is 20 % coordinates in a state in which water adheres to the touch 
with respect to the detection operation period Pe , ( FIG . 30 , detection surface . As illustrated in FIG . 34 , a value of the 
Step ST45 in FIG . 31 ) . second touch detection signal Vdet2 at the touch detection 

If the touch detection unit 40 does not detect contact or 25 coordinates where water 104 is present is smaller than that 
proximity of a finger in the self - capacitive touch detection at the touch detection coordinates where the water 104 is not 
period Pts in the idling stopping period Pj ( No at Step ST44 present . The storage unit 11D ( refer to FIG . 13 ) of the 
in FIG . 31 ) , the control unit 11 continues the sleep mode in control unit 11 stores reference information that is data of a 
a state in which noise detection is enhanced . curve pattern representing a relation between the second 
As described above , in the display device 1A with a touch 30 touch detection signal Vdet2 and the touch detection coor 

detection function according to the present embodiment , the dinates . The determination unit 11C determines whether 
noise detection period Pnd is repeatedly arranged in the water is detected by comparing information about distribu 
period in the sleep mode to enable noise detection in the tion of the second touch detection signals Vdet2 supplied 
sleep mode . In one sleep period ( 1S ) , the noise detection from the touch detection unit 40 with the reference infor 
period Pnd is arranged in a period different from the self - 35 mation of the storage unit 11D . 
capacitive touch detection period Pts and the mutual - capaci - If water is not detected ( No at Step ST52 in FIG . 33 ) , the 
tive touch detection period Ptm , so that the touch detection touch detection operation is performed in the self - capacitive 
operation and the noise detection operation can be appro - touch detection period Pts and the mutual - capacitive touch 
priately performed by enhancing noise detection , for detection period Ptm . If the touch detection unit 40 detects 
example . When a noise is detected in the sleep mode , the 40 contact or proximity of a finger ( Yes at Step ST56 in FIG . 
mode proceeds to the normal operation mode in a state in 33 ) , the control unit 11 proceeds to the normal operation 
which noise detection is enhanced , so that resistance to noise mode ( Step ST57 in FIG . 33 ) . In this case , the proportions 
in the normal operation mode can be improved . of the touch detection period Pt , and the noise detection 

FIG . 30 and FIG . 31 exemplify a case of enhancing noise period Pnd , in the detection operation period Pe , are 90 % 
detection in the sleep mode . When the display device 1A 45 and 10 % , respectively . 
with a touch detection function is used in an electrically If the touch detection unit 40 does not detect contact or 
low - noise environment and the noise detection unit 51 rarely proximity of a finger ( No at Step ST56 in FIG . 33 ) , the 
detects a noise , power saving can be achieved by shortening control unit 11 continues the sleep mode , and performs the 
the noise detection period Pnd and lengthening the idling touch detection operation in a state in which the self 
period Pi . In the sleep mode , contact or proximity of a finger 50 capacitive touch detection period Pts is 10 % , the mutual 
is detected in the self - capacitive touch detection period Pts . capacitive touch detection period Ptm is 5 % , and the noise 
Alternatively , contact or proximity of a finger and movement detection period Pnd is 10 % . 
of a finger such as a gesture may be detected in the If water is detected ( Yes at Step ST52 in FIG . 33 ) , the 
mutual - capacitive touch detection period Ptm . The technolo - touch detection control unit 11B ( refer to FIG . 13 ) enhances 
gies described in the first embodiment to the third embodi - 55 touch detection and performs the touch detection operation 
ment can be combined with the display device 1A with a in the sleep mode ( Step ST53 in FIG . 33 ) . In this case , the 
touch detection function according to the fourth embodi - proportion of the mutual - capacitive touch detection period 
ment . Ptm is increased from 5 % to 10 % , and the proportion of the 
Fifth Embodiment idling period Pi is reduced from 75 % to 70 % . 

FIG . 32 is a schematic diagram for explaining a relation 60 Accordingly , touch detection is performed both in the 
between the idling period , the touch detection period , and self - capacitive touch detection period Pts and the mutual 
the noise detection period in a case of detecting adhesion of capacitive touch detection period Ptm , and contact or prox 
water in the display device with a touch detection function imity of a finger can be favorably detected even when water 
according to a fifth embodiment . FIG . 33 is a flowchart for adheres to the surface . 
explaining the touch detection operation and the noise 65 If the touch detection unit 40 does not detect contact or 
detection operation in a case in which water adheres to the proximity of a finger in the sleep mode ( No at Step ST54 in 
touch detection surface . FIG . 33 ) , the control unit 11 continues the sleep mode . If the 
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25 
touch detection unit 40 detects contact or proximity of a merely an example , and various modifications can be made 
finger ( Yes at Step ST54 in FIG . 33 ) , the control unit 11 without departing from the gist of the invention . The present 
enhances touch detection and proceeds to the normal opera - invention naturally encompasses an appropriate modifica 
tion mode ( FIG . 32 , Step ST55 in FIG . 33 ) . In this case , the tion maintaining the gist of the invention . 
normal operation mode is performed in a state in which the 5 For example , the proportions of the touch detection period 
mutual - capacitive touch detection period Ptm , is 80 % , the Pt , the noise detection period Pnd , and the like described 
self - capacitive touch detection period Pts , is 10 % , and the in each embodiment are merely an example . The proportions noise detection period Pnd is 10 % in the detection operation can be changed depending on an external environment by period Pe . . In this way , adhesion of water and contact or lengthening or shortening the noise detection period Pnd . c , proximity of a conductor such as a finger can be detected by 10 for example . performing both of the mutual - capacitive touch detection The drive electrode COML functions as the common operation and the self - capacitive touch detection operation electrode that gives a common potential to a plurality of in the normal operation mode . Accordingly , by comparing 
distribution of the second touch detection signals Vdet2 in a pixels of the display panel 20 , and also functions as the drive 
case in which water adheres to the surface with the first 15 electrode of the touch panel 30 . Alternatively , the touch 
touch detection signal Vdet1 in a case in which a conductor panel 30 may be mounted on the display panel 20 , and the 
such as a finger is in a contact state or a proximate state , a common electrode of the display panel 20 and the drive 
detection error of the coordinates at which a conductor such electrode of the touch panel 30 may be separately arranged . 
as a finger is in a contact state or a proximate state can be In the self - capacitive touch detection operation , contact or 
prevented . 20 proximity of an external conductor may be detected based 
As described above , according to the present embodi on a self capacitance of the drive electrode COML . In this 

ment , deterioration in detection sensitivity and a detection case , the driving driver 47 or the drive electrode driver 14 
error of contact or proximity of a conductor such as a finger illustrated in FIG . 25 may supply the drive signal to the drive 
can be prevented even when water adheres to the touch electrode COML . 
detection surface by changing the proportions of the mutual - 25 
capacitive touch detection period Ptmx , self - capacitive touch What is claimed is : 
detection period Ptsz , and the noise detection period Pnd , in 1 . A display device with a touch detection function , 
the normal operation period . comprising : 

The present embodiment exemplifies a case in which a plurality of pixel electrodes arranged in a matrix in a 
water adheres to the touch detection surface . However , the 30 display region in which an image is displayed ; 
embodiment is not limited thereto . A conductor other than a plurality of detection electrodes opposed to the pixel 
water having lower conductivity than that of a finger or a electrodes , the plurality of detection electrodes includ 
nonconductor such as liquid may adhere thereto . The tech ing a first detection electrode and a second detection 
nology described in the fifth embodiment may be appropri electrode ; and 
ately combined with the technologies described in the first 35 a detection circuit that is coupled to the plurality of 
embodiment to the fourth embodiment . For example , a detection electrodes , 
function of performing the self - capacitive touch detection wherein 
operation in addition to the mutual - capacitive touch detec one frame period for displaying an image corresponding 
tion operation to detect adhesion of water may be added to to the display region includes a plurality of display 
the display device with a touch detection function not having 40 operation periods , a plurality of detection periods for 
the sleep mode . In the fifth embodiment , the proportion of performing at least one of a mutual - capacitive detection 
the noise detection period Pnd , may be changed , or the mode and a self - capacitive detection mode , and at least 
frequency of the drive signal may be changed . one of noise detection periods , 

The display device 1A with a touch detection function the plurality of pixel electrodes is configured to be driven 
according to the fourth embodiment and the fifth embodi - 45 in the plurality of display operation periods , 
ment stops the display operation in the sleep mode . How the detection circuit is configured to control the mutual 
ever , the embodiment is not limited thereto . FIG . 35 is a capacitive detection mode , the self - capacitive detection 
schematic diagram for explaining an operation of the display mode , and a noise detection mode , 
device with a touch detection function according to a in the mutual - capacitive detection mode , the first detec 
modification in the sleep mode and the normal operation 50 tion electrode is supplied with a touch detection drive 
mode . As illustrated in FIG . 35 , in the present modification , signal and the second detection electrode is supplied 
the display operation period Pd for performing the display with a touch detection signal based on capacitance 
operation in the sleep mode and the detection operation between the first detection electrode and the second 
period Pe for performing at least touch detection are repeat detection electrode , 
edly arranged . The detection operation period Pe includes 55 in the self - capacitive detection mode , the first detection 
the idling period Pi for stopping the display operation and electrode is supplied with the touch detection drive 
stopping the touch detection operation . In this way , a period signal and the first detection electrode is supplied with 
for performing the display operation and stopping the touch a touch detection signal based on capacitance of the 
detection operation reduces power consumption can be first detection electrode , 
reduced in the sleep mode . According to such an aspect , 60 in the noise detection mode , the first detection electrode 
noise detection can be enhanced as described in the fourth is supplied with no touch drive signal , and at least one 
embodiment , and adhesion of water can be detected and of the first detection electrode and the second detection 
touch detection can be enhanced as described in the fifth electrode is supplied with a noise signal , 
embodiment . in a first detection period , the detection circuit performs 

The preferred embodiments of the present invention have 65 the mutual - capacitive detection mode and the self 
been described above . However , the present invention is not capacitive detection mode , and determines whether 
limited thereto . Content disclosed in the embodiments is water is detected , 
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when the water is detected , the detection circuit performs an idling period and the detection period are executed in 
the mutual - capacitive detection mode and the self a time division manner in the sleep mode , the idling 
capacitive detection mode in a second detection period , period being a period in which a detection operation is 

a rate of a time period of the mutual - capacitive detection not performed . 
mode in the second detection period is greater than a 5 5 9 . The display device with a touch detection function 
rate of a time period of the mutual - capacitive detection according to claim 8 , wherein , when the detection circuit is 
mode in the first detection period . configured to detect a noise based on the noise signal in the 

2 . The display device with a touch detection function sleep mode , a length of the at least one of noise detection 
according to claim 1 , wherein periods is changed . 

one of the at least one of noise detection periods is shorter 10 orter 10 10 . The display device with a touch detection function 
than one of the detection periods . according to claim 1 , wherein , when a conductor having 

3 . The display device with a touch detection function lower conductivity than that of a finger or a nonconductor is 
according to claim 2 , wherein brought into contact with or proximate to the touch detection 

the plurality of detection electrodes include a drive elec surface with which touch detection is performed , a time 
trode and a plurality of detection electrodes , 15 period of the mutual - capacitive detection mode or a time 

the touch detection drive signal is supplied to the drive period of the self - capacitive detection mode in the detection 
electrode in the touch detection period , and period is changed . 

supply of the touch detection drive signal to the drive 11 . The display device with a touch detection function 
electrode is stopped in the noise detection period . according to claim 10 , wherein all the detection periods 

4 . The display device with a touch detection function 20 inc on 20 included in the one frame period have the same length . 
according to claim 1 , wherein 12 . The display device with a touch detection function 

the detection circuit is configured to detect a noise based according to claim 1 , wherein 
on the noise signal , and the at least one of noise detection periods is a plurality of 

when the detection circuit detects a noise , a length of the noise detection periods , and 
at least one of noise detection periods is changed . 25 me 25 the plurality of display periods , the plurality of detection 

5 . The display device with a touch detection function periods , and the plurality of noise detection periods are 
according to claim 3 , wherein included in the frame period . 

the one frame period includes a plurality of noise detec 13 . The display device with a touch detection function 
tion periods , and according to claim 12 , wherein 

the detection circuit detects noises having different fre - 30 re 30 the one frame period is one of a first frame and a second 
frame , quencies in the respective noise detection periods . 

6 . The display device with a touch detection function in the first frame , the detection electrodes is supplied with 
according to claim 5 , wherein a frequency of the touch a first detection drive signal which has a first frequency 
detection drive signal to be supplied to the detection elec in the plurality of detection period , and the detection 
trodes is changed based on information about amplitudes of 35 electrodes and the detection circuit supply a first noise 
the detected noises having different frequencies . signal ; and 

7 . The display device with a touch detection function in the second frame , the detection electrodes is supplied 
according to claim 1 , wherein the at least one of noise with a second detection 
detection periods is changed based on information about drive signal which has a second frequency that is different 
distribution of touch detection signals in a touch detection 40 from the first frequency in the plurality of the detection 
surface with which touch detection is performed . periods , and the detection electrodes and the detection 

8 . The display device with a touch detection function circuit supply a first noise signal . 
according to claim 1 , wherein 14 . The display device with a touch detection function 

the display device has a sleep mode in which an image according to claim 1 , 
display function is stopped , and a normal operation 45 the voltage signal is supplied to the detection electrodes 
mode in which the display operation period and the so that the detection electrodes have a fixed electric 
detection period are performed in a time division potential in the at least one of noise detection periods . 
manner , and * 


